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[NAME OF DOCUMENT] Claims 
[Claim 1] 

Electrical steel sheet remarkably superior in magnetic 
properties characterized by containing, by mass%, C: 0.040% or 
less, Si: 0.2 to 3.5%, Mn: 0.05 to 3.0%, P: 0.30% or less, S: 
0.040% or less, Al : 2.50% or less, Cu: 0.6 to 8.0%, N : 0.0400% 
or less, and a balance of Fe and unavoidable impurities and 
containing in the steel a metal phase comprised of Cu of a 
diameter of 0.01 [iia or less. 
[Claim 2] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in claim 1 characterized by further 
containing, by mass%, one or more of Nb: 0.02% or less, Ti: 
0.010% or less, B: 0.010% or less, Ni: 2.5% or less, and Cr: 
10.0% or less. 
[Claim 3] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in claim 1 or 2 characterized by 
further containing, by mass%, one or more of Mo, W, Sn, Sb, Hg, 
Ca, Ce, and Co in a total of 0.5% or less. 
[Claim 4] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3 wherein a 
number density of the metal phase comprised of Cu present in 
said steel is 20/jmm 3 or more. 
[Claim 5] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 4 wherein 
said steel sheet has an average size of crystal grains of 30 to 
300 jum. 
[Claim 6] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties characterized by 
producing a product sheet from steel comprised of the 
ingredients as set forth in any of claims 1 to 3 during the 
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process of which holding it at a temperature range of 300°C to 
720°C for 30 seconds or more for heat treatment. 
[Claim 7] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in 
claim 6, characterized by, as said heat treatment, holding at a 
temperature range of 300°C to 720°C for 30 seconds or more in a 
cooling process from a temperature range of 750°C or more in a 
final heat treatment process, 
[Claim 8] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in 
claim 6 or 7, characterized by, after the heat treatment, not 
holding in a temperature range over 800°C for 20 seconds or 
more, 
[Claim 9] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, a metal phase comprised mainly of 
Cu present in the steel has a number density of 20/|Um 3 , 
[Claim 10] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3 and 9 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, a metal phase comprised mainly of 
Cu present in the steel has an average size of 0.01 p or less. 
[Claim 11] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3, 9, and 10 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, an average size of the crystal 
grains is 3 to 300 |om. 
[Claim 12] 
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Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3 and 9 to 11 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, a number density of the metal phase 
comprised mainly of Cu with a size of 0.01 or less in the 
steel is increased by 10-fold or more. 
[Claim 13] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3 and 9 to 12 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, a tensile strength is increased by 
30 MPa or more* 
[Claim 14] 

Electrical steel sheet remarkably superior in magnetic 
properties as set forth in any one of claims 1 to 3 and 9 to 13 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, a hardness of the steel is 
increased by 1,1-fold or more. 
[Claim 15] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties characterized by 
producing a product sheet from steel comprised of the 
ingredients as set forth in any of claims 1 to 3 during the 
process of which making a residence time in a temperature range 
of 450°C to 700°C in a cooling process from a temperature range 
of 750°C or more after a final hot rolling in a hot rolling 
process before cold rolling 300 seconds or less, then cold 
rolling without holding in a temperature range over 750°C so as 
to harden the steel by heat treatment after working an 
electrical part. 
[Claim 16] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in 
claim 15 characterized by holding at 750°C or more for 20 
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seconds or more in a final heat treatment process after hot 
rolling and cold rolling, then making the residence time in the 
temperature range of 450°C to 700°C in the cooling process from 
the temperature range of 7 50°C or more 60 seconds or less, then 
not holding in a temperature range over 750°C so as to harden 
the steel by heat treatment after working an electrical part. 
[Claim 17] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties characterized by 
holding electrical steel sheet as set forth in any one of 
claims 1 to 3 and 9 to 14 or electrical steel sheet produced by 
a method as set forth in any one of claims 15 and 16 in a 
temperature range of 300°C to 720°C for 30 seconds or more, 
then not holding in a temperature range over 7 00°C for 20 
seconds or more to obtain an electrical part so as to harden 
the steel by heat treatment after working the electrical part. 
[Claim 18] 

A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in 
claim 17 characterized by, as said heat treatment method, 
making an average cooling rate of a cooling process from the 
heat treatment temperature to 700°C in heat treatment after 
working the steel sheet to an electrical part 10°C/seconds or 
more, holding in a temperature range of 300°C to 720°C for 30 
seconds or more, then not holding in a temperature range over 
700°C for 20 seconds or more so as to harden the steel by heat 
treatment after working the electrical part. 
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[NAME OF DOCUMENT] Specification 

[TITLE OF INVENTION] Electrical Steel Sheet Remarkably 

Superior in Magnetic Properties and 
Method of Production of Same 

[TECHNICAL FIELD] 
[0001] 

The present invention provides a high strength electrical 
steel sheet, in particular a high strength non-oriented 
electrical steel sheet, more particularly relates to a magnetic 
material for high speed rotary machines which is low in core 
loss, high in flux density, and high in strength, to a magnetic 
material for electromagnetic switches which is superior in wear 
resistance, and to methods for production of the same. 
[BACKGROUND ART] 
[0002] 

Until recently the rotational speed required in rotary 
devices was at most about 100,000 rpm. Laminated electrical 
steel sheet was used for the material of rotors. Recently, 
superhigh speed rotation as high as 200,000 or 300,000 rpm has 
been demanded. Thus, the centrifugal force applied to the rotor 
could exceed the strength of the electrical steel sheet. 
Further, motors of a structure with magnets built into the 
rotors are increasing in number. The load applied to the 
material of the rotor itself during rotation of the rotor is 
therefore becoming large. Thus, in terms of the fatigue 
strength as well, the strength of the material is becoming an 
issue in many cases. 
[0003] 

In other cases, the contact surface of electromagnetic 
switches is worn during use, and thus magnetic materials 
superior in not only electromagnetic properties, but also wear 
resistance are desired. 

[0004] 

To meet these needs, recently high strength non-oriented 
electrical steel sheet has been studied. Several proposals have 
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been made. For example, PLT 1 and PLT 2 propose a material 
using a slab increased in Si content and further containing one 
or more of Mn, Ni, Mo, Cr, and other solid solution 
strengthening components, but the sheet is liable to break 
easily in rolling and causes less productivity and less yield. 
Thus the sheet has a room for improvement. Furthermore, since 
Ni, Mo, and Cr are included in large amounts in the steel, the 
material becomes extremely expensive. 
[0005] 

Further, PLT 3 discloses producing high strength non- 
oriented electrical steel sheet by rapid solidification from a 
melt containing 2.5% or more of Si. PLT 4 discloses improving 
the reliability by wrapping a high Si steel containing 2.5% or 
more Si by low Si steel containing 2.0% or less Si. Since these 
proposals use special processes, the sheets cannot be produced 
by the production facilities for conventional electrical steel 
sheet and therefore are difficult to be produced industrially. 

[0006] 

With the above methods utilizing solid solute 
strengthening by solute elements, from the viewpoint of 
magnetic properties, the saturation magnetic flux density of 
the material is inherently low, and thus the magnetic flux 
density of the product sheet is inevitably low. Further, from 
the viewpoint of crystal structure, the methods inherently 
refine grain size, so while these are preferable in terms of 
increasing the strength, there is the problem that the core 
loss ends up rising. 
[0007] 

Further, to strengthen a material, utilizing precipitates 
may also be considered, but precipitates also end up degrading 
the magnetic properties from the viewpoint of the magnetic flux 
density and core loss due to the effects of the precipitates 
themselves and the refining of the crystal structure. In this 
way, high strength electrical steel sheets have the inherent 
problem that the magnetic properties originally required are 
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remarkably degraded. 
[0003] 

In particular, with materials strengthened by refining 
grain size or by precipitates r when punched to an article for 
electrical appliances such as motors etc., in the stress relief 
annealing { SRA) process for relieving the fabrication stress 
introduced to the steel sheets, growth of the crystal structure 
or precipitates occurring while holding the steel at a high 
temperature is unavoidable and therefore the strength is 
decreased. Further, use of high strength materials accelerates 
the wear of the dies when punching the steel into parts for 
electrical appliances, in particular in the shearing process, 
so becomes a cause of raising the cost of production of the 
electrical appliances . 
[0009] 

PLT 1: Japanese Published Patent Application No. 1-162748 
PLT 2: Japanese Published Patent Application No. 61-84360 
PLT 3: Japanese Published Patent Application No. 61-87848 
PLT 4: Japanese Published Patent Application No. 8-41601 

[DISCLOSURE OF THE INVENTION] 

[TECHNICAL PROBLEM] 
[0010] 

In this way, various proposals have been made regarding 
high strength electrical steel sheet, but the fact is that it 
is not yet possible to stably produce such steel industrially 
securing the required magnetic properties and using a 
conventional electrical steel sheet production facility. 
Further, there are also many remaining problems such as 
softening in the stress relief annealing performed after 
fabrication or the wear of the dies during punching parts for 
electrical appliances . 
[0011] 

The object of the present invention is to stably produce, 
on-line, high strength nonoriented electrical steel sheet which 
has a high strength of a tensile strength (TS) of 588 N/xnm 2 or 
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more, has wear resistance, and is provided with superior 
magnetic properties of magnetic flux density and core loss, 
without greatly changing the cold rollability etc. from that of 
conventional electrical steel sheet. 
[0012] 

Further, similarly, an object is to produce an electrical 
steel sheet which is relatively soft until finishing working 
the sheet to an electrical part, hardens by heat treatment 
after working the steel to an electrical part, having high 
strength and wear resistance and other properties when used as 
an electrical part, and has excellent magnetic properties. 

[0013] 

The present invention has been made to solve the above 
problem and has as its gist the following: 
[0014] 

(1} Electrical steel sheet remarkably superior in 
magnetic properties characterized by containing, by mass%, C: 
0.040% or less, Si: 0.2 to 3.5%, Mn: 0.05 to 3.0%, P: 0.30% or 
less, S: 0.040% or less, Al: 2.50% or less, Cu: 0.6 to 8.0%, N: 
0.0400% or less, and a balance of Fe and unavoidable impurities 
and containing in the steel a metal phase comprised of Cu of a 
diameter of 0.01 jxm or less. 

[0015] 

(2) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in (1) characterized by 
further containing, by mass%, one or more of ISfb: 0.02% or less, 
Ti: 0.010% or less, B: 0.010% or less, Ni: 2.5% or less, and 
Cr: 10.0% or less. 

[0016] 

(3) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in (1) or (2) characterized by 
further containing, by mass%, one or more of Mo, W, Sn, Sb, Mg, 
Ca, Ce, and Co in a total of 0.5% or less. 

[0017] 

(4) Electrical steel sheet remarkably superior in 
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magnetic properties as set forth in any one of {1) to (3) 
wherein a number density of the metai phase comprised of Cu 
present in said steel is 20/|Ltm 3 or more. 
[0018] 

(5) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1} to (4) 
wherein said steel sheet has an average size of crystal grains 
of 30 to 300 \mi. 

[0019] 

(6) A method of production of electrical steel sheet 
remarkably superior in magnetic properties characterized by 
producing a product sheet from steel comprised of the 
ingredients as set forth in any of (1) to (3) during the 
process of which holding it at a temperature range of 300°C to 
720°C for 30 seconds or more for heat treatment* 

[0020] 

{7) A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in (6), 
characterized by, as said heat treatment, holding at a 
temperature range of 300°C to 720°C for 30 seconds or more in a 
cooling process from a temperature range of 7 50°C or more in a 
final heat treatment process, 

[0021] 

(8) A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in (6) 
or (7) , characterized by, after the heat treatment, not holding 
in a temperature range over 800°C for 20 seconds or more. 

[0022] 

(9) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1) to {3) 
characterized in that, after an electrical part is worked, then 
heat treated for hardening, a metal phase comprised mainly of 
Cu present in the steel has a number density of 20/jxm 3 . 

[0023] 
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(10) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1) to (3) and 

(9) characterized in that, after an electrical part is worked, 
then heat treated for hardening, a metal phase comprised mainly 
of Cu present in the steel has an average size of 0.01 jam or 
less, 

[0024] 

(11) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1) to (3), (9), 
and (10) characterized in that, after an electrical part is 
worked, then heat treated for hardening, an average size of the 
crystal grains is 3 to 300 |im. 

[0025] 

(12) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1) to (3) and 
(9) to (11) characterized in that, after an electrical part is 
worked, then heat treated for hardening, a number density of 
the metal phase comprised mainly of Cu with a size of 0.01 [xm 
or less in the steel is increased by 10-fold or more. 

[0026] 

(13) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1) to (3) and 

(9) to (12) characterized in that, after an electrical part is 
worked, then heat treated for hardening, a tensile strength is 
increased by 30 MPa or more. 
[0027] 

(14) Electrical steel sheet remarkably superior in 
magnetic properties as set forth in any one of (1) to (3) and 
(9) to (13) characterized in that, after an electrical part is 
worked, then heat treated for hardening, a hardness of the 
steel is increased by 1.1-fold or more. 

[0028] 

(15) A method of production of electrical steel sheet 
remarkably superior in magnetic properties characterized by 
producing a product sheet from steel comprised of the 
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ingredients as set forth in any of (1) to (3) during the 
process of which making a residence time in a temperature range 
of 450°C to 700°C in a cooling process from a temperature range 
of 750°C or more after a final hot rolling in a hot rolling 
process before cold rolling 300 seconds or less, then cold 
rolling without holding in a temperature range over 750°C so as 
to harden the steel by heat treatment after working an 
electrical part, 
[0029] 

(16) A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in (15) 
characterized by holding at 750°C or more for 20 seconds or 
more in a final heat treatment process after hot rolling and 
cold rolling, then making the residence time in the temperature 
range of 450°C to 700°C in the cooling process from the 
temperature range of 750°C or more 60 seconds or less, then not 
holding in a temperature range over 7 50°C so as to harden the 
steel by heat treatment after working an electrical part. 

[0030] 

(17) A method of production of electrical steel sheet 
remarkably superior in magnetic properties characterized by 
holding electrical steel sheet as set forth in any one of (1) 
to (3} and (9) to (14) or electrical steel sheet produced by a 
method as set forth in any one of claims 15 and 16 in a 
temperature range of 300°C to 720°C for 30 seconds or more, 
then not holding in a temperature range over 700°C for 20 
seconds or more to obtain an electrical part so as to harden 
the steel by heat treatment after working the electrical part. 

[0031] 

(18) A method of production of electrical steel sheet 
remarkably superior in magnetic properties as set forth in (17) 
characterized by, as said heat treatment method, making an 
average cooling rate of a cooling process from the heat 
treatment temperature to 700°C in heat treatment after working 
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the steel sheet to an electrical part 10°C/seconds or more, 
holding in a temperature range of 300°C to 720°C for 30 seconds 
or more, then not holding in a temperature range over 700°C for 
20 seconds or more so as to harden the steel by heat treatment 
after working the electrical part. 
[ADVANTAGEOUS EFFECTS OF INVENTION] 
[0032] 

The inventors engaged in various experiments to achieve 
the above objects, That is, the present invention gives an 
electrical steel sheet which is high in strength and superior 
in magnetic properties by a stable method of production not 
causing sheet breakage or other trouble, by treating steel 
sheet containing C: 0.040% or less, Si: 0.5 to 3.5%, Mn: 0.05 
to 3.0%, P: 0.30% or less, S: 0.040% or less, Al : 2.50% or 
less, Cu: 0.6 to 8.0%, and N: 0.0400% or less so as to form 
inside the electrical steel sheet a fine metal phase comprised 
of Cu even after production process conditions not allowing 
refinement of the crystal structure. 
[0033] 

Further, the present invention gives an electrical steel 
sheet which has excellent workability when being worked into an 
electrical part and which is hard and excellent in magnetic 
properties when used as an electrical part, by not allowing the 
formation of almost any fine metal phase comprised mainly of Cu 
in the steel sheet in the process of production of the 
electrical steel sheet under stable process conditions not 
allowing refinement of the crystal structure and not allowing 
sheet breakage or other trouble and by causing the formation of 
a fine metal phase comprised mainly of Cu in the electrical 
steel sheet in the heat treatment process after working the 
sheet into the electrical part. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 
[0034] 

First, the composition of ingredients of the high strength 
electrical steel sheet according to the present invention will 
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be described. 
[0036] 

C degrades magnetic properties, so the amount is 0.0040% 
or less. It is possible to include a higher amount of C up to 
the slab production stage from the viewpoint of the deoxidation 
efficiency and to reduce the C to 0.0040% or less by 
decarburizing annealing after being made into a coil- In this 
case, from the viewpoint of production costs, it is 
advantageous to reduce the amount of C by a degasif ication 
facility at the molten steel stage. If 0.0020% or less, there 
is a remarkable effect of reduction of core loss. In the 
present invention steel, which does not use carbides or other 
nonmetal precipitates to increase the strength, the C content 
is preferably 0.0015% or less, and more preferably 0.0010% or 
less . 

[0036] 

Si increases volume resistivity of the steel reducing the 
eddy current to reduce the core loss and increases the tensile 
strength, but if the amount added is less than 0.2%, that 
effect is small. In low Si steel, there is almost no 
embrittlement of the steel. If increasing the Si content, the 
magnetic properties are not degraded. In particular, it is 
possible to increase the strength while reducing the core loss. 
Therefore, the merit of application of the present invention is 
small, so preferably the invention covers steel containing 
1.0% or more, more preferably 2.0% or more, of Si. Further, if 
over 3.5%, the steel is embrittled and further the magnetic 
flux density of the product is degraded, so the amount is made 
3.5% or less. 
[0037] 

Mn may be purposely added to improve the steel in 
strength, but is not particularly required for this purpose in 
the steel of the present invention utilizing a fine metal phase 
as the main means for increasing the strength . This is added 
for the purpose of increasing the volume resistivity or 
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coarsening the sulfides to promote crystal grain growth 
reducing the core loss, but since excessive addition reduces 
the magnetic flux density, the amount is 0.05 to 3.0%. 
Preferably , the amount is 0.5% to 1.2%. 

[0038] 

P is an element with a remarkable effect of improving the 
tensile strength, but like with the above mentioned Mn, in the 
steel of the present invention, the addition is not necessary. 
If P is over 0.3% r it causes so severe brittleness that hot 
rolling, cold rolling, or other processing on an industrial 
scale is difficult, so the upper limit of P is 0.30%. 

[0039] 

S easily combines with Cu, an essential element in the 
steel of the present invention, to form Cu sulfides and thereby 
has an adverse effect on the formation of the metal phase 
mainly composed of Cu which is important in the present 
invention resulting in degrading the strengthening efficiency 
in some cases. Further, the thus produced sulfides sometimes 
degrade the magnetic properties, in particular the core loss, 
so the content of S is preferably as low as possible and is 
limited to 0.0040% or less. Preferably, it is 0.0020% or less, 
more preferably 0.0010% or less. 
[0040] 

Al is usually added as a deoxidizing agent, but it is also 
possible to add less Al and use Si for deoxidization . In Si- 
deoxidized steel with an Al content of about 0.005% or less, 
A1N is not formed, so there is also the effect of reducing the 
core loss. On the other hand, it is possible to purposely add 
it to promote coarsening A1N and increase the volume 
resistivity to reduce the core loss. However, if Al content is 
over 2.50%, embrittlement becomes a problem, thus the content 
is 2.50% or less. 
[0041] 

Cu is an essential element in the present invention. The 
range for forming a metal phase mainly composed of Cu in the 
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steel sheet to increase the strength not having an adverse 
effect on the magnetic properties is limited to 0.6 to 8,0%. 
More preferably, it is 0.8 to 4.0%, If the Cu is low in 
content, the effect of increasing the strength becomes small, 
the heat treatment conditions for obtaining the effect of 
increasing strength are limited to a narrow range, and the 
flexibility of control of the production conditions and 
adjustment of production becomes smaller. Further, if the Cu is 
high in content, the effect on the magnetic properties becomes 
larger resulting in remarkably increased core loss* In 
particular, an amount of Cu over the limit of solid solution in 
the steel contributes to increased strength as solute Cu, but 
the strengthening efficiency becomes poor compared with the Cu 
metal phase of the main object of the present invention. 
Further, the effect on degradation of the magnetic properties 
also becomes greater. Further, excessive Cu forms a metal phase 
in the steel in a not preferable process depending on the heat 
history. For example, Cu forms a relatively coarse Cu metal 
phase in a high temperature such as during hot rolling, which 
acts unpreferably on the formation of the subsequent fine metal 
phase or has a detrimental effect on the magnetic properties in 
some cases. The particularly preferable range of Cu is 1.0 to 
2.8%. More preferably, it is 1.3 to 2.2%, more preferably 1.5 
to 2.0%. 

[0042] 

N, like C, degrades the magnetic properties, and thus the 
amount is 0.0040% or less. In the steel of the present 
invention where no strengthening due to nitrides is expected, 
the lower the better. If N is 0.0027% or less, the magnetic 
properties become particularly good. The content is more 
preferably 0.0022%, still more preferably 0.0015% or less. 

[0043] 

Almost all elements utilized in the past for increasing 
the strength in high strength electrical steel sheet not only 
are problematic in terms of the cost of addition, but also have 
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some detrimental effect on the magnetic properties, so, in the 
present invention, they do not really have to be added for the 
purpose of increasing the strength. When they are purposely 
added as strengthening elements, due to the relation with 
rising costs and degradation of magnetic properties, one type 
or more of Nb, Ti, B, Ni, and Cr may be added but the amounts 
added are Nb: 0.02% or less, Ti: 0.010% or less, B: 0.010% or 
less, Ni: 2.5% or less, and Cr: 10.0% or less. In particular, 
Ni is known to be effective to prevent surface roughening by 
Cu, the essential element in the steel of the present 
invention, at hot rolling (Cu scab) and may be purposely added 
for this purpose as well. B segregates at the crystal grain 
boundaries and has the effect of suppressing embrittlement due 
to grain boundary segregation of P, but in the steel of the 
presen t invention, embrittlement does not become a particular 
problem like in the conventional mainly solution strengthened 
high strength electrical steel sheet, so addition for this 
purposes is not important. Rather, it may be added for the 
purpose of improving the magnetic flux density due to the 
effect of the solute B on the texture. If B is over 0.010%, 
remarkable embrittlement results, so the upper limit of B is 
0.010%. 

[0044] 

Nb and Ti form fine precipitates of carbides, nitrides, or 
sulfides in the steel sheet and are elements effective for 
increasing the strength, but simultaneously cause remarkable 
degradation of the magnetic properties, in particular the core 
loss. In the steel of the present invention not utilizing fine 
carbides, nitrides, etc. as main means for increasing the 
strength, these are rather harmful elements. For this reason, 
the upper limits are respectively 0.010%. Preferably, the 
contents are 0.0050% or less, more preferably 0.0030% or less, 
whereby it is possible to obtain a good core loss. 
[0045] 

Ni is known to be effective for the prevention of surface 
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roughening at hot rolling due to Cu (Cu scab) , the essential 
element in the steel of the present invention, and can be 
purposely added together with this purpose. Further, it has a 
relatively small detrimental effect on the magnetic properties 
and is deemed effective for increasing the strength as well, so 
is an element often used in high strength electrical steel 
sheet. Further, it is also effective for improvement of the 
corrosion resistance, but considering the cost of addition and 
the detrimental effects on the magnetic properties, the upper 
limit is preferably 2.5%. 
[0046] 

Cr is an element added to improve the corrosion resistance 
or to improve the magnetic properties in high frequency, but 
again considering the cost of addition and the detrimental 
effects on the magnetic properties, preferably the upper limit 
is 10.0%. 

[0047] 

Further, regarding the other minor elements, not only the 
amounts unavoidably contained due to the ore, scrap, etc., but 
the amounts added for various purposes do not impair the 
effects of the present invention in any way. The unavoidable 
contents of these elements are usually about 0.005% or less 
each, but addition in amounts of 0.01% or more is possible for 
various purposes. In this case as well, considering the balance 
of the cost and magnetic properties, the steel may contain one 
or more of Mo, W, Sn, Sb, Mg, Ca, Ce, and Co in a total of 0.5% 
or less. 

[0048] 

The steel containing these compositions is produced in the 
same way as a conventional electrical steel sheet wherein it is 
melted in a converter, continuously cast into a slab, hot 
rolled, hot band annealed, cold rolled, final annealed and so 
on. In addition to these processes, formation of an insulating 
film or a decarburization process etc. do not impair the effect 
of the present invention in any way. Further, unusual processes 
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such as production of thin strip by rapid solidification or 
continuous casting of thin slabs omitting the hot rolling 
process have no problems. 
[0049] 

To form the specific metal phase characteristic of the 
present invention in the steel sheet, it is effective to go 
through the following heat history. In the process of 
production of a product sheet, the sheet is held at a 
temperature range of 300°C to 720°C for 30 seconds or more. The 
temperature range is preferably 300 to 650°C, more preferably 
350 to 600°C, more preferably 400 to 550°C, more preferably 420 
to 500°C. The holding time is related to the holding 
temperature. Preferably, the lower the temperature, the longer 
the time. On the other hand, holding at a high temperature for 
a long time is not preferable. Preferably, it is 650°C or so 
for 1 minute to 5 hours, at 550°C or so for 3 minutes to 20 
hours, and at 450°C or so for 30 minutes or more. 
[0050] 

Further, after this heat treatment, it is preferable to 
avoid a process holding the heat treated steel sheet at a 
temperature range over 800°C for 20 seconds or more. 

[0051] 

Through the above process, a Cu metal phase of 
characteristic composition, size, and number density is 
efficiently formed, the magnetic properties are not impaired 
much at all, and the strength can be increased. On the other 
hand, through ordinary heat treatment conditions not aiming at 
formation of such a metal phase, the majority of the Cu added 
forms solute Cu or Cu sulfides which are low in strengthening 
ability and large in effect of degradation of magnetic 
properties or a relatively coarse Cu metal phase which is small 
in strengthening ability and large in detrimental effect on the 
magnetic properties although it is a Cu metal phase. 
[0052] 
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After this heat treatment process, the steel is increased 
in strength, so performing this heat treatment process after 
the rolling process and performing it simultaneously with the 
recrystallization annealing or other heat treatment required 
for other purposes is advantageous from the viewpoint of 
productivity. That is, holding in the temperature range of 
300°C to 720°C for 30 seconds or more in the final heat 
treatment process after the cold rolling in the case of cold 
rolled electrical steel sheet or in the cooling process from 
the temperature range of 750°C or more in the final heat 
treatment process after hot rolling in the case of hot rolled 
electrical steel sheet is preferable. 
[0053] 

Further, depending on the targeted properties etc., heat 
treatment is sometimes further added, but in this case, it is 
preferable not to hold the steel in a temperature range over 
800°C for 20 seconds or more. When the temperature and time 
exceed this in the heat treatment, the formed Cu metal phase 
resolidifies or conversely aggregates to form a coarse metal 
phase in some cases. 

[0054] 

Since the present invention does not utilize strengthening 
by refinement of crystal structure, there is little degradation 
of the strength even if performing SRA (stress relief 
annealing) for relieving the stress introduced into the 
material and growing the crystal grains to restore and improve 
the magnetic properties when stamping steel sheet and 
processing it to motor parts etc. or some other heat treatment 
performed for other purposes. 
[0055] 

Further, it is important that the specific metal phase 
characteristic of the present invention go through the 
following heat history for formation in the steel sheet after 
processing to an electrical part. This is to control the 
holding time in the 300°C to 720°C temperature range and the 
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subsequent heat history in the process of producing the product 
sheet and the heat treatment process after being processed to 
an electrical part. 
[0056] 

That is, as the heat treatment given to the steel sheet up 
until the final processing, i,e., punching and fabricating 
process for utilizing the electrical steel sheet as an 
electrical part, it is preferable to make the residence time in 
the temperature range of 450°C to 700°C in the cooling process 
from the temperature range of 750°C or more to 300 seconds or 
less for the heat history before the cold rolling after the 
final hot rolling and 60 seconds or less for the annealing 
process after cold rolling respectively, and then not holding 
at a temperature range over 750°C 
[0057] 

Further, the hardening is performed after the final 
processing of the electrical steel sheet, i.e. the punching and 
fabricating process for utilization of the electrical steel 
sheet for an electrical part. It can be achieved by a heat 
treatment comprising holding the steel at a temperature range 
of 300°C to 720°C for 30 seconds or more, then not holding at a 
temperature range over 700°C. When this heat treatment is 
performed in the cooling process after a heat treatment at a 
higher temperature, the average cooling rate of the cooling 
process down to 700°C before holding in the temperature range 
of 450°C to 700°C is preferably 10°C/second or more, more 
preferably the average cooling rate of the cooling process down 
to 650°C before holding in the temperature range of 500°C to 
650°C is 10°C/second or more. Performing this heat treatment in 
the cooling process such as so-called stress relief annealing 
process performed for the purpose of relieving the stress 
introduced against intent in the material when processing is 
p re f era ble from the viewpoint of the productivity. The maximum 
peak temperature of 7 00°C or more before holding in the 
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temperature range of 300°C to 720°C and the holding time in 
that temperature range can be determined from only the 
viewpoint of stress relief and crystal grain growth and do not 
have any influence on the effects of the present invention. 
[0058] 

The holding temperature range in the temperature range of 
300°C to 720°C for hardening is preferably 300 to 650°C, more 
preferably 350 to 600°C, further preferably 400 to 550°C, and 
further preferably 420 to 500°C. The holding time is related to 
the holding temperature. It is preferable that the lower the 
temperature, the longer the time. On the other hand, holding at 
a high temperature for a long time is not preferable. 
Preferably, if holding at around 650°C for 1 minute to 5 hours, 
at around 550°C for 3 minutes to 20 hours, and at 450°C or so 
for 30 minutes or more, a sufficient hardening effect can be 
obtained. 

[0059] 

Passing through this process results in efficient 
formation of the metal phase characteristic in composition, 
size, and number density in a preferable process and enables 
hardening without impairing the magnetic properties much at 
all* The present invention covers steel where the tensile 
strength increases by 30 MPa or more or the hardness increases 
by 1.1 times or more by heat treatment for hardening. If the 
increment in strength or hardness is less than this, probably 
the steel is already hardened before the heat treatment or the 
strengthening ability by heat treatment is originally not 
provided . 

[0060] 

If the sheet is already hardened before heat treatment, 
punching into the motor part etc. is performed on a hard 
material, which is not preferable from the viewpoint of the 
wear of the dies. Further, when not hardened even with heat 
treatment, the strength during use as a motor becomes 
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insufficient and the object of the present invention is not 
achieved. To obtain a more preferable effect, preferably the 
increase in tensile strength due to the heat treatment is 60 
MPa or more and the increase in hardness is 1.2 times or more, 
more preferably the increase in tensile strength is 100 MPa or 
more and the increase in hardness is 1.3 times or more, further 
preferably the increase in tensile strength is 150 MPa or more 
and the increase in hardness is 1,4 times or more, and further 
preferably the increase in tensile strength is 200 MPa or more 
and the increase in hardness is 1.5 times or more. 
[0061] 

On the other hand, when passing through normal heat 
treatment conditions not aiming at formation of a metal phase 
as controlled in the present invention, depending on the steel 
composition, sometimes the effect of the formation of a metal 
phase may be detected, but the majority of the added Cu is 
presen t as solute Cu or Cu sulfides or a coarse metal phase of 
a size of 0.1 jxm or more which are low in strengthening ability 
and large in effect of degradation of the magnetic properties. 
[0062] 

The metal phase formed in the above way is mainly 
comprised of Cu. This can be identified by the diffraction 
parameters of an electron microscope etc. or an attached X-ray 
analysis apparatus etc. Of course, it may also be identified by 
chemical analysis or another method. In the present invention, 
this metal phase mainly comprised of Cu has a size of 0,01 jam 
or less. If the size is more than this, the efficiency of 
increasing the strength falls. In this condition, not only a 
large amount of metal phase becomes necessary, but also the 
detrimental effect on the magnetic properties becomes greater. 
From the viewpoint of increasing the strength and the magnetic 
properties, the diameter is 0.005 [xm or less, and more 
preferably 0.002 pm or less. Note that if less than 0.001 \xm, 
the size becomes too fine and quantification of the metal phase 
size and amount of metal phase would become difficult even by 
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the current highest precision analysis equipment, but 
identification by X-ray analysis equipment and indirect 
explanation of presence by mechanical properties, hardness, 
etc. would be possible. The present invention is limited to an 
electrical steel sheet which contains a considerable amount of 
Cu and clearly hardens by appropriate heat treatment explained 
in the present invention. Heedless to say, while the present 
invention describes a "Cu metal phase", this does not limit its 
form or type. 
[0063] 

The number density of the Cu metal phase is limited in the 
possible range in the relation between the Cu content and size 
of the metal phase, but preferably is 20/jxm 3 or more, more 
preferably 200/^m 3 or more- If made 2000/jxm 3 or more, this is 
extremely effective in the point of increasing the strength . 
More preferably, it is 20, 000/jim 3 or more, still more 
preferably 200, 000/fim 3 or more, further more preferably 

2,000,000/^im 3 . 
[0064] 

Control of the metal phase size and number density is 
extremely important from the viewpoint of achieving both 
increased strength and holding the magnetic properties. The 
reason is that these are not only effective on the strength and 
magnetic properties, but also the way of change of strength and 
magnetic properties differs when these are changed- That is, it 
is necessary to control these to the range where the effect of 
increasing the strength is high and the efficiency of 
degradation of the magnetic properties is low* For this reason, 
it is effective to suitably control the temperature and time in 
the above-mentioned temperature range of 30 0 to 720°C and the 
cooling rate immediately before entering this temperature 
range* The effect is, under normal conditions, like as the 
formation of general precipitates, if the cooling rate is 
higher and the temperature is lower, the precipitates are finer 
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and the metal phase density is higher, A long time leads to a 
coarser size* 
[0065] 

Further, in the present invention, since refinement of the 
crystal structure is not utilized as the main means for 
increasing the strength, the crystal grain size can be adjusted 
to the optimal range from the viewpoint of the magnetic 
properties, The size and density of the metal phase mainly 
comprised of Cu contributing to the increased strength can be 
controlled not only by the components, but also mainly by the 
above-mentioned heat treatment at 720°C or less, so the crystal 
grain size can be independently controlled from the strength by 
for example the maximum peak temperature of the 
recrystallization annealing and the holding time in this 
temperature range before the heat treatment- Normally, it is 
controlled to 3 pm to 300 jam by heat treatment at 800°C to 
1100°C or so for 20 seconds to 5 minutes or so. More 
preferably, it is 8 jam to 200 pm. In general, when the 
frequency of the magnetization current at the time of use of 
the steel sheet is high, the crystal grains are preferably 
fine . 

[0066] 

The present invention has properties completely different 
from the materials developed in the past for magnetic steel 
sheet. FIGS - 1 and 2 show the characteristics of the present 
invention from the viewpoint of the compositions, strength, and 
magnetic properties of the electrical steel sheet. As shown in 
FIG, 1, usually electrical steel sheet is produced selectively 
for magnetic properties mainly by the Si content. From the 
viewpoint of the magnetic properties, Si is usually added to 
increase the electrical resistance of the material and to 
reduce the core loss, but since Si also has a strong solid 
solution strengthening effect, the strength is also increased 
in high Si, i.e. high grade, materials- However, if the amount 
of Si is over 3% or the combination of Si, Al, Mn and other 
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strengthening elements exceeds 6%, the reliability remarkably 
degrades and production of the steel sheet becomes difficult in 
conventional production process, 
[0067] 

As the means for avoiding rolling, the method of directly 
obtaining a thin film from molten state steel by rapid 
solidification has been proposed, but there are limits to 
practical use of this from the viewpoint of cost and 
properties. For this reason, a high strength material 
equivalent to 3% Si steel or more is strengthened by the 
precipitates mainly comprised of carbonitrides accompanying 
addition of Nb etc. and the refinement of the crystal structure 
also involving low temperature annealing. However, such 
carbonitrides. or a fine crystal structure is not preferable 
from the viewpoint of the magnetic properties, in particular 
the core loss as shown in FIG. 2, wherein a great increase in 
the core loss is unavoidable. 
[0068] 

The present invention disperses a different metal phase in 
a steel sheet so as to increase the strength, which is 
different from the conventional high strength steels. This 
metal phase can be controlled independently of the crystal 
grain size, that is, formation of the metal phase can be 
controlled in a lower temperature range of about 300 to 720°C 
which is different from the temperature range where crystal 
grain growth occurs, that is, about 7 50°C or more. Therefore 
the present invention has a greater flexibility from the 
viewpoint of controlling the strength and magnetic properties 
independently and thus, as shown in FIG. 2, the strength can be 
increased without degrading the magnetic properties very much. 
[0069] 

Further, as shown in FIG. 1, by applying this technology 
to low Si steel, it becomes possible to obtain a material with 
a higher magnetic flux density than conventional one. This is 
considered to be as follows: because most of the solid solution 
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strengthening elements including typically used Si, Al, Mn 
reduce the saturation magnetic flux density of the steel, 
lowered magnetic flux density in a specific magnetic field is 
unavoidable, but in the present invention, the Cu metal phase 
used for increasing the strength has an extremely small effect 
in reducing the saturation magnetic flux density. Furthermore, 
it is considered that the Cu metal phase does not become a 
barrier for magnetic domain wall motion compared with other 
precipitates such as carbonitrides . This is effective for 
improvement of the magnetic properties especially in a low 
magnetic field. 
[0070] 

Note that the effects of the present invention are not 
affected by the existence and type of surface coating normally 
formed on the surface of the electrical steel sheet or by the 
production process, so that it can be applied to non-oriented 
or grain-oriented electrical steel sheet. 
[0071] 

The applications are also not particularly limited. The 
sheet can be applied not only to the rotors of motors used in 
home electric appliances or automobiles etc., but also to all 
other applications where both strength and magnetic properties 
are reguired. 
[EXAMPLES] 

[0072] 
(Example 1) 

The steel compositions shown in Table 1 were made into 250 
mm thick slabs. The final sheets were produced by basically the 
following process. The basic process conditions were a slab 
heating temperature of 1100°C, a final hot band thickness of 
2.0 mm, a coiling temperature of 500°C in hot rolling, a final 
sheet thickness of 0.5 mm in the cold rolling, and a 
reorystallization annealing temperature of 850°C. Each product 
sheet was measured for mechanical properties using a JIS No. 5 
test piece and for magnetic flux density B]. 0 and core loss 
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Wio/400 using a 55 mm square SST test. The mechanical properties 
and magnetic properties were calculated as the average of the 
values of the rolling direction and transverse direction of the 
coil. The results are shown in Table 2 (continuation of Table 
1) ■ ■ 

[0073] 

As clear from the results shown in Table 2 r the samples 
produced by the conditions of the present invention are good in 
rollability at the cold rolling process, hard, and superior in 
magnetic properties . 
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{Example 2) 

The steel compositions shown in Table 3 was made into 250 
mm thick slabs. Final sheets were produced by basically the 
following process. The basic process conditions were a slab 
heating temperature of 1100°C, a final hot band thickness of 
2,0 mm, a coiling temperature of 700°C in the hot rolling, a 
hot band annealing of 980°C temperature for 30 seconds, a final 
sheet thickness of 0,2 m in the cold rolling, and a 
recrystallization annealing of 1000°C. Each product sheet was 
measured for mechanical properties using a JIS No. 5 test piece 
and for magnetic flux density B 5 o and core loss W15/50 using a 55 
mm square SST test* The mechanical properties and magnetic 
properties were calculated as the average of the values of the 
rolling direction and transverse direction of the coil. The 
results are shown in Table 4 (continuation of Table 3) . 

[0077] 

As clear from the results shown in Table 4, the samples 
produced by the conditions of the present invention are good in 
reliability at the cold rolling process, hard, and superior in 
magnetic properties . 

[0078] 
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{Example 3) 

The steel compositions shown in Table 5 were made into 250 
mm thick slabs. Final sheets were produced by basically the 
following process. The basic process conditions were a slab 
heating temperature of 1100°C, a final hot band thickness of 
2.0 mm, a coiling temperature of 300°C or less in hot rolling, 
a final sheet thickness of 0.2 mm in cold rolling, and a 
recrystailization annealing temperature of the temperature or 
more at which the recrystailization occurred. After this, to 
simulate precipitation heat treatment after punching, a heat 
treatment at about 750°C was employed to control texture and 
precipitation of the metal phase, When the heat treatment 
simulates stress relief annealing, the precipitation heat 
treatment was employed in the cooling process after a heat 
treatment at 750°C for 2 hours. Each sheet before and after the 
heat treatments was measured for mechanical properties using a 
JIS No, 5 test piece and for magnetic flux density Bio and core 
loss W10/400 using a 55 mm square SST test. The mechanical 
properties and magnetic properties were calculated as the 
average of the values of the rolling direction and the 
transverse direction of the coil. As for punching die wear, a 
newly produced punching die was used to punch the steel sheet 
and the wear was evaluated based on the change of the height of 
the burrs on the steel sheet in relation to the number of 
punching v Die with large wear results in large burrs of the 
steel sheet in a relatively small number of punching. The 
results are shown in Table 6 {continuation of Table 5) • 

[0081] 

As clear from the results shown in Table 6, the samples 
produced under the conditions of the present invention are soft 
and thus are good in rollability in the cold rolling process 
and result in small wear of the punching die before the 
precipitation heat treatment and become hard and superior in 
magnetic properties after precipitation treatment. 
[0082] 
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[0084] 
(Example 4) 

Steels of the compositions shown in Table 7 were made into 
250 mm thick slabs. Final sheets were produced by basically the 
following process • The basic process conditions were a slab 
heating temperature of 1100°C, a final hot band thickness of 
2.0 mm, a coiling temperature of 300°C or less in hot rolling, 
a hot band annealing of 980°C and 30 seconds, a final sheet 
thickness of 0.35 mm in cold rolling and a recrystallization 
annealing temperature of the temperature or more at which the 
recrystallization occurred. After this, to simulate 
precipitation heat treatment after punching, a heat treatment 
at about 750°C was employed to control texture and 
precipitation of the metal phase. When the heat treatment 
simulates stress relief annealing, the precipitation heat 
treatment was employed in the cooling process after a heat 
treatment at 7 50°C for 2 hours. Each sheet before and after the 
heat treatments was measured for mechanical properties using a 
JIS No. 5 test piece and for magnetic flux density B 50 and core 
loss W15/50 using a 55 mm square SST test. The mechanical 
properties and magnetic properties were calculated as the 
average of the values of the rolling direction and the 
transverse direction of the coil. As for punching die wear, a 
newly produced punching die was used to punch the steel sheet 
and the wear was evaluated based on the change of the height of 
the burrs on the steel sheet in relation to the number of 
punchings , A die with large wear results in large burrs of the 
steel sheet in a relatively small number of punchings. The 
results are shown in Table 8 (continuation of Table 7) . 

[0085] 

As clear from the results shown in Table 8, the samples 
produced under the conditions of the present invention are soft 
and thus are good in reliability in the cold rolling process 
and result in small wear of the punching die before the 
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precipitation heat treatment and become hard and superior in 
magnetic properties after the precipitation treatment. 
[0086] 
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[INDUSTRIAL APPLICABILITY] 
[0088] 

As explained above, the present invention enables stable 
production of a high strength electrical steel sheet which is 
hard and superior in magnetic properties. Due to this, it 
becomes possible to secure strength, fatigue strength, and wear 
resistance without degrading the magnetic properties, and so 
greater efficiency, smaller size, superlonger lifetime, etc. of 
superhigh speed motors, motors incorporating magnets in rotors, 
and electromagnetic switch materials can be achieved. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[0089] 

[FIG. 1] Is a schematic drawing of the relationship 
between the Si content and tensile strength of the steel sheet 
of the present invention. 

[FIG. 2] is a schematic drawing of the relationship 
between the tensile strength and core loss of the steel sheet 
of the present invention. 
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[NAME OF DOCUMENT] Abstract 
[ABSTRACT] 

[PROBLEM] The object is to stably produce, on-line, high 
strength nonoriented electrical steel sheet which has a high 
strength of a tensile strength TS of 588 N/xnm 2 or more, has 
wear resistance, and is provided with superior magnetic 
properties of magnetic flux density and core loss, without 
greatly changing the cold reliability etc, from that of 
conventional electrical steel sheet. 

[SOLUTION] High strength electrical steel sheet characterized 
by containing, by mass%, C: 0.040% or less, Si: 0*2 to 3.5%, 
Mn: 0.05 to 3,0%, P: 0.30% or less, S: 0.040% or less, Al: 
2,50% or less, Cu: 0.6 to 8.0%, and N: 0,0400% or less and 
containing in the steel a metal phase comprised of Cu of a 
diameter of 0.01 jiia or less. As the method of production of the 
same, heat treatment is performed which holds the steel at the 
300°C to 720°C temperature region for 30 seconds or more. 
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